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A holo -moire technique capable of compensating for rigid body motion for plane 
stress problem and providing a full -field isopachic fringe pattern is described. 
This technique combines holographic interferometry and the moire effect. Double 
exposure holograms are made from both sides of an object before and after deforma -
tion. The two sets of holographic inter£ erometric fringes thus obtained are treated 
as random grids. Moire of these two grids yields the desired isopachic fringes. 
The theory is experimentally confirmed with several examples. Limitations of 
this technique are also discussed. 
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I -1. Rigid Body Motion in Static Holographic Interferometry 
Although in recent years, numerous applications of holographic interferometry 
to the measurement of surface deformations have been described, some long -existing 
limitations have essentially restricted its use to a laboratory type environment. 
Among those limitations, rigid body motion is undoubtedly one of the most severe. 
Since holographic interferometry has a very high sensitivity, rigid body motion often 
overshadows surface deformation and prohibits the recording of desired displacement 
information. That is, the analysis of the interferometric fringe pattern may yield 
mostly undesired displacement information due to rigid body motion. Furthermore, 
rigid body motion may degrade or even completely destroy the reconstructed holo -
graphic fringe pattern. 
There are two types of rigid body motion, namely: (1) translation, (2) rotation. 
Translation, which introduces a uniform displacement field to the object, tends to 
shift the whole fringe pattern. Whereas rotation, which introduces varying changes 
in the displacement across the surface of the object, will distort the appearance of 
the fringe pattern. 
Experiments have indicated that rotation of the model during most of the static 
loading is almost inevitable. This is certainly true in industrial laboratories. 
The present technique tends to compensate for the motion of the model between 
the two exposures or load levels. However, it must not be mixed with the random 
movements of the optical components used in the holography during the exposure of 
the film. The instability of the hologram -recording system would result in either 
destroying the hologram image or degrading the interference fringe patterns . This 
stringent vibration isolation requirement can be fulfilled either by providing a stable 
2 
support system, introduction of pulsed -laser holography(!)* or by utilizing an electronic 
feedback servo system(Z) (3), scanning reference beam<4>, attachments of mirrors(S), 
spatial processing of reference beam before striking the hologram<6>, or by using the 
so -called speckle reference beam holograph/7 >. 
I -2. Holo -Moire Interferometry 
Three similar terms "Holographic -Moire", "Hologram -Moire", and "Halo -Moire" 
have been created by different authors and used to refer to different kinds of inter -
ferometry . 
The conventional moire technique utilizes the phenomena produced by super -
imposing two regular gratings with one being distorted. The gratings can be amplitude, 
phase or complex type. It is well known that diffraction gratings can be obtained photo -
graphically when two coherent laser beams are introduced onto a high resolution film . 
Therefore, a hologram, which is produced by interference of two laser beams, can 
be considered as a complex grating. A moire pattern will be displayed if two sets of 
such gratings are superimposed by means of double exposure holography. For this 
reason "Holography -Moire Interferometry" was the term initially used for describing 
double exposure and real time holographic methods. (S, 9• 10• ll) Presently, however, 
the term "interference" is used to replace "moire" in describing the fringes, hence 
we have the more popular term "Holographic Interferometry". 
Achia and Thompson(lZ) first created the phrase "Hologram -Moire Interferometry" 
for real -time liquid flow visualization. Initially, a hologram of unperturbed flow was 
made. Then by slightly displaying the hologram in the recording optics, the unper -
turbed test section was coded with an initial fringe grid. Then the real -time moire 
*Numbers in the superscripts refer to the List of References . 
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fringe pattern could be obtained when local perturbation of the refractive index occurred. 
The same idea was introduced by Rowe(l3) for large deformation measurement. He 
utilized a Wollaston prism to generate a comparison grid on the test surface while the 
holographic exposures were made. The moire fringe thus achieved was a combination 
of the grid and holographic interference fringes. 
The "Holo -Moire" technique described in this investigation is simply a combination 
of holographic interferometry and the moire effect. Two holographic interferograms, 
one made from each side of an object, are aligned together to produce moire isopachic 
fringes. A similar method was first displayed by Boone and Verbiest(l4)_ They pro -
duced a moire strain pattern by superimposing and shifting two identical interferograms. 
The title "Holo -Moire" was first proposed by Hung and Taylor(lS) and is also used here 
because of the similarity between the two techniques. 
I -3. Scope of Investigation 
The purpose of this investigation is to develop a method to compensate for rigid 
body motion in obtaining isopachic fringe patterns by static holographic interferometry. 
The validity of the analysis is verified by several experimental examples . Limitations 
of this scheme will be discussed. 
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II. 11-IEORETICAL DESCRIPTION 
II -1. Basic Double Exposure Static Holographic Interferometry 
The double -exposure holographic interferometry provides a means of measuring 
surface -displacement. With this technique, one exposure is made before and one after 
the object is deformed. After processing, both object beam wavefronts are recon -
structed together. Fringe patterns will be formed due to the deformation and/or 
motions which cause a change in optical path length between the light source and the 
observing point. In Fig. 1., let P represent an arbitrary point on the model surface. 
Let O be an observing point on the hologram, and S be the location of the light source. 
If a double exposure hologram is made and an arbitrary object point P moves to P' 
after deformation, then at reconstruction, the intensity of the double exposure vir tual 
image can be expressed a/16) 
21T A /\. -
I = C [ 1 + cos T ( - PS - PO)• PP' ] . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1) 
A. I\ 
where C is a constant, and PS, PO are unit vectors directed from the point P to points 
S and 0, respectively, and A is the wave length of light used. Physically, the scalar 
I\ A. 
product (PS + PO)• PP' is the change of path length, say 6, related to the point dif -
ference PP' , and the phase change, t::,. cj> , which is related to 6 by 2; , can be written 
as: 
I\ I\ 
6 = - (PO + PS)• PP' (2) 
2 A A 
t::,.cj> = - : [(PO+ PS)• PP'] (3) 
In holographic interferometry, the displacement of points between exposures is very 







P : Object Point Before Deformation 
p': Object Point After Deformation 
Fig. I Geometry of Double Exposure 
Hologram Formation . 
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Il - 2. Intensity Expression for Holo -Moire Interferometry 
In Fig. 2. , B is a plane object with initial thickness t small compared to the other 
dimensions . Two collimated beams illuminate the object, one on each side. Let P 1 
and P 2 be complimentary object points directly opposite each other on their corre -
sponding surface, and o1 and o2 are the positions where holograms are placed. 
A A 
P 1 s 1 and P 2s 2 are unit vectors which represent the directions of the two collimated 
object beams, and Pi, P2 are the corr es ponding object points of P 1 and P 2 after 
deformation. If double -exposure holograms are made of the object before and after 
deformation, by Eq. (3) , the phase changes associated with P 1 and P 2 due to 
deformation will be given by 
= (4) 
If now, the configuration is arr anged such that 
A A 
p2 5 2 = - pl 51 · · · · · · · · · · · · ' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (6) 
and 
" - pl Ol ' . . .. ' ' . .. ' . . . . . . . . · · · · · · · · · . . · · · · · · · · · · · · · · · · · · · · · (7) 
then Eqs . (4) and (5) yield 
(8) 
b, cp = + 
2 (9) 
And the intensities of the virtual images obtained from each side are 
I1 = c1 [ 1 + cos b.<1>1 J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10) 
r2 = c 2 [l+cos b. <l> 2 J ...•.. ... . ... . . ..... .. . .. ...... . . ... ..... ... (11) 
Where c1 and c2 are constants . After the holograms are processed, the two 








Fig. 2 Geometry of Making Holograms 
from Both Sides of a Model . 
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There are two approaches for obtaining a moire pattern from these two holographic 
fringe patterns: (1) The two images of the processed films can be individually printed 
(but superimposed) on the same photographic paper, (2) The two images of the proces -
sect films (either positive or negative transparencies) can be simultaneously printed 
and superimposed on the same photographic paper. The intensity expression describing 
the effect for the first approach is given by the addition of the two individual intensity 
expression (for simplicity, let us assume equal amplitudes in the two expressions, 
For the second approach, the moire effect is described by multiplication of the 
two original intensity expression, 
Where C' and C' ' are constants. 
By Eqs . (8) and (9), the sum and difference of phase terms yield, 
II -3. Displacement Vector 
If a Cartesian coordinate system is assigned to the object as shown in Fig. 3. , 
displacement vector ~ and P 2 P 2 · can be expressed as 
pl Pi 
/\ I\ " = U 1i + V lj + W1k • • • • 0 • 0 0 0 0 0 0 • • 0 0 0 o O O O O • • 0 0 0 o o O O O o o o o o o O o o 0 
p2 p2 " 
/\ " = Ui + V 2j + W2k .. . .. . .. . ........ . ... . .. . .. .. .......... . . . 
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Fig. 3 Cartesian Coordinate Axes and 
their Relation to the Object. 
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Fig. 4 Coordinates of the Corresponding 




Let each displacement component U, V and W be made up of three contributions, 
namely: (1) deformation (2) rigid body translation, and (3) rigid body rotation. i.e. 
U l = Uld + Ult + U lr 
Vl = Vld + Vlt + Vlr (18) 
Wl = Wld + Wlt + Wlr 
and 
u2 = U2d + 0 2t + 0 2r 
v2 = V2d + V 2t + v2r (19) 
w2 = W2d + w2t + w2r 
subscripts d, t and r refer to component contributions due to deformation, trans -
lation and rotation, respectively. 
There are specific relations that exist among the components of P 1 Pi and P 2 P2 : 
(i) For plane stress problem: 
U ld = U 2d = U d" V ld = V 2d = V d and W ld = -W 2d = W d . . . . (20) 
It should be noted that while W ld and W 2d are equal in magnitude they are opposite 
in direction. This fact plays an important role in the results that follow. 
(ii) For rigid body translations, since all particles undergo equal displacements . 
We have 
Ult= U2t = Ut' Vlt = V2t = Vt and Wlt = W2t = Wt ... . .. (21) 
(iii) Since any rigid body displacement can be considered to consist of a single 
rotation about the proper axis passing through any chosen point together with the 
required translation, we can take the rotation axis to pass through the origin of the 
11 
coordinate system given in Fig. 4. For the present time let us consider rotations 
that are sufficiently small to be treated as vector quantities (It will be seen that this 
is not a limiting requirement on the technique) . Let the rotation vector be 
(22) 
and the two position vectors of points P 1 and P 2 be R 1 and R 2 
I\ ,.. I\ 
Rl = Ri+R · +Rk X YJ z (23) 
I\ I\ " 
= Ri+R ·- Rk 
X YJ z (24) 
Where R = t/ 2. z 
For small rotation, displacements of points P 1 and P 2 
(25) 
(26) 
The above equations reduced to the following relations : 
U = A R - A R vl = A R - A R , wl = A R - A R (27) lr y z z y ' r z x x z r x y y x 
U = - AR - AR V 2r y z z y' 2r 
Eqs: (27) and (28) reveal that 
= AR + AR , w2 Z X X Z r =AR - AR X y y X (28) 
W lr = W 2r = W r and that in general u1r t- u2r , V lr t- V 2r (29) 
Substitution of Eqs. (18)., (19),, (20), (21), (27), (28), (29), (16), and (17) into Eqs. 
(14) and (15), shows that the sum and difference of the phase changes in the holo -
graphic interferograms on each side can be expressed as: 
12 
(30) 
II -4. Schemes to Compensate for Rigid Body Motion 
I\ I\ A 
Examination of Eqs. (30) and (31) shows that whenever PS + PO = ak, where a 
is a constant, then ( 6 cp 1 + 6 cp 2) will be a function only of W d , i. e. , change in model 
thickness. Similarly, (6<!>1 - e:i.<1> 2) will be a function of (Wt + W r), which is a term 
that varies linearly and at a constant rate across the model surface. Since for plane 
stress the change in model thickness is proportional to the sum of the principal stresses 
at each point, the condition that (e:i.cp 1 + e:,.cp 2) be a function only of W d is the desired 
result which effectively compensates for rigid body motion. There are two alternative 
configurations which can serve the purpose of compensating for rigid body motion. 
Scheme 1: Normal Illumination and Normal Observation 
The two object beams illuminate the model object normally and the two holograms 
are placed normal to the object as shown in Fig. 5. In this case 
I\ " Pl S l = k and Pl O l = k 
The sum and difference of phase change expressed in Eqs . (30) and (31) then become 
(32) 
and the intensities of the moire patterns as given by Eqs. (12) and (13) become 
- 21T - 21T 













S1 , 0 1 Hologram 
Fig. 5 Configuration of Scheme I ( Normal 
Illumination and Recording Direction). 
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e ll [ - 2TT (2W ) + Im 2 = cos 11. d cos -
2 TT (2W + 2W )] 2 
11. t r 
(35) 
- 2TT 
If the object is slightly rotated about axis lying in X -Y plane, cos ~ (2W t + 2W r) 
- 2TT 
can be made to vary much faster than cos - 11.- (2W d) . 
- 2TT 
cases whereby a high frequency carrier cos - 11.- (2W t 
Thus Eqs . (34) and (35) are 
+ 2W ) is amplitude modulated r 
- 2TT 
by the low frequency term cos - 11.- (2W d) . The high frequency carrier is nulled when 
cos -2 TT (2W ) = 0 A d 
or 
2TT 
--y::- (2Wd) = n1r, where +n = 1/2, 3/2, 5/2 . . . . . . . . . . . . . . . . . . . . . .. . (36) 
Thus Eqs. (34) and (35) give the formation of moire -fringes which depict contour of 
change of thickness 2W ct · Therefore, by definition, the moire -fringes reveal the 
isopachics. There are some disadvantages associated with Scheme 1. One is that 
the illuminating a r ea will be restricted by the size of the beam splitter in front of the 
object. A second is that some light is wasted in this scheme. 
Scheme 2: 
An alternative setup which can overcome the drawback of Scheme 1 is sketched 
in Fig. 6. Instead of illuminating and observing nor mally, now the object beam and 
observation direction make the same non -zero angle with the normal of the object. 
A A I\ 
The resultant of the two unit vectors P 1 0 1 + P 1 S 1 = 2cos 0 k. The intensity and 
interpretation of the moire-fringe pattern is exactly the same as in Scheme 1, except 
that Eq. (36) is modified to 
- 2TT 
cos - A- (2W d cos 0 ) = 0. (37) 
15 
Fig. 6 Configuration of Scheme 2 ( Oblique 
1 llumination and Recording Direction). 
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This indicates that the sensitivity for Scheme 2 is reduced from that of Scheme l by 
a factor of cos 0 . Here the drawback of Scheme l is eliminated at the expense of 
a distortion of the recorded image. The images reconstructed will be distorted, . 
which could make it difficult to align the two processed films so that corresponding 
points on each surface will fall upon each other. Experiments have shown that this 
limitation is greatly relaxed by making e and t (model thickness) small. Other-
wise, a distortionless recording process as reported by Matsumoto et al. (l 7) may 
be required. 
The distortionless recording process can be carried out by placing a plane 
mirror at the back of the hologram plate at reconstruction. Thus, the collimated 
reference beam which passes through the hologram will reflect back and work as a 
conjugate reference beam of the original one. A real image with the fringes will 
form on the original object surface. And it can be photographed from the normal 
direction to obtain a distortionless image. 
These two schemes incidently provide a clear indication of the existence of 
rigid body motion. Theoretically the isopachic fringes on both sides of the model 
should be identical if the fringe pattern is due to deformation only. A large dif-
ference in the appearance of the two patterns indicate the presence of rigid body 
motion. 
17 
III. EXPERIMENTAL DEMONSTRATION 
In order to verify the validity of the theory derived in the previous section and to 
investigate the limitations of this technique , three experiments have been conducted 
in which a cantilever beam, a circular ring and a cylindrical pressure vessel were 
used as models. 
III -1. Circular Ring 
The first experimental problem chosen was a circular ring under diametral 
compression. The circular ring was made of plexiglass, 1/4" thick, 1 1/2" diameter 
with a 3/4" diameter hole. An experimental setup as described in Scheme 2, and 
sketched in Fig. 7. was used. Two lasers were employed, one to illuminate each 
side of the object so that sufficient intensity for forming the holograms could be 
achieved. The angle 8 which both the object beams and the holograms made with the 
normal of the object surface was approximately 10°. At this angle , it was found that 
distortion of the image could be neglected so that a distortionless recording process 
was not required. A dead -weight loading instrument was used to place the ring in 
diametral compression. A Cartesian coordinate system was assigned to the system 
such that the Y -axis is the direction of loading with the X -Y plane parallel to the 
object surface. A dial -guage indicator sensitive to 0. 0001" was attached to the 
loading frame so that an intentional rotation of the model about the Y -axis could be 
induced and controlled precisively. The fringe patterns that obtained are shown 
in Figs . 8,__ 9, 10. Fig. 8. consists of fringe patterns obtained from each side 
without artificially rotating the model between exposures. Obviously, there was 
rigid body rotation about an axis parallel to the X -axis. Therefore, the fringe 
patterns were distorted and deviated from the theoretical solution. If between 
exposures, the model was purposely given a rotation of 17. 7xl0 -5 rad. about 













H1 ( Hologram I) 
Fig. 7 Schematic System of Making Holograms 




Holographic Interferometric Fringe 
Patterns from Each Side of the 
Circular Ring ( without Intentional 
Rotation). 
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Fig. 9 Holographic Interferometric Fringe 
Patterns from Each Side of the 





Fig. 10 lsopachic Fringes of the Circular 
Ring : 
(a) Addition of Intensities from 
Holo - Moire Interferometry. 
(b) Multiplication of Intensities from 
Holo - Moire Interferometry. 
{c) From Transmission Holographic 
Interferometry. 
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moire of these two fringe patterns is shown in Fig. 10. Both addition c1-nd multiplication 
of intensities predicted by Eqs. (34) and (35) were compared. 
For purpose of comparison, isopachic fringes were generated in a cantilever beam 
and a circular ring by the use of double exposure transmission holography. A schematic 
diagram illustrating the scheme is shown in Fig. 11. During the first exposure col -
limated light is made to pass through the unloaded model material and form an image 
on a piece of ground glass. After loading the model, a second exposure is made and 
upon reconstruction of the hologram isopachic fringes may be observed. In order to 
prevent an alteration of the isopachic pattern due to a birefringence effect it is neces -
sary that a material exhibiting low birefringence be used. Plexiglass was found to be 
suitable for this purpose. It allows for sufficient thickness changes to occur before 
a significant birefringent effect appears so that the desired isopachic pattern may be 
obtained by the double exposure method. 
III-2. Cantilever Beam 
The second example chosen was a plexiglass cantilever beam with dimensions of 
3" x 1/2" x 1/4". One end of the cantilever beam was bonded to an Aluminum block 
to obtain a fixed end condition. The reason for choosing a cantilever beam was that 
the in -plane displacements of an end loaded cantilever beam are of much higher order 
than the normal -displacements, and hence the effect of large in -plane displacement 
on the observing position at the hologram could be illustrated. The method of load 
application is shown in Fig. 12. Although a great deal of care was exercised in 
applying the load, fringe patterns such as shown in Fig. 13. indicated that there 
was still a slight amount of misalignment which forced the beam to bend out of 
plane. The experimental setup was identical to that illustrated in Fig. 6. Double 
exposure holograms were made with the cantilever beam being loaded and rotated 
-5 





Model 'L Ground 
Glass 
Mirror 
Experimental Setup for Double Exposure 







Fig. 12 Loading Method of Cantilever Beam . 
p 
Fig. 13 Fringe Pattern indicating Misalignment 
of the Conti lever Beam . 
25 
reconstructed from both sides and their moire are shown in Fig. 14. In this example, 
since the fringe pattern varied quite rapidly as one changes the direction of observation, 
as shown in Fig. 15. it was critical that the correct location for photographing the pattern 
be determined. Discussion of this will be deferred to the next section. In this experi -
ment, a small mirror was placed against the center of the surface of the cantilever 
beam. Light from the object beam was reflected from the mirror and made to hit 
somewhere on the hologram. That location was then chosen for photographing the 
/\ 
image. This ensured that equal angles between the surface normal and the PO and 
A 
PS vectors were maintained. 
III -3. Cylindrical Pressure Vessel 
The purposes of choosing this example were twofold : (1) Internal pressure loading 
was believed:to offer an ideal case of static loading without creating rigid body motion. 
This technique, as already mentioned, provides a convenient means of checking for the 
existence of rigid body motion. The fringe patterns obtained on both sides should be 
identical as predicted theoretically in the absence of r igid body motion. (2) To show 
that this technique is also applicable to non -plane -stress problems if displacements 
of the object studied has certain types of symmetr ical properties. 
Again the same experimental setup illustrated in Fig. 6. was used , Geometry 
of the cylindrical pressur e vessel is sketched in Fig. 16. The displacements are 
symmetrical to the center line of the cylinder, which was taken as the X -axis. Fig . . 
17. and Fig. 18. are double exposure holographic fringes from both sides taken and 
without artificial rotation, respectively. The angle of artificial rotation was 
-5 
17. 7xl0 rad. parallel to the Y -axis . The moir e fringe pattern is shown in Fig. 
19. Of course, the moir e -fringes are not isopachics but rather contours of dis -
A A 








Fig. 14 (a) Holographic Interferometric Fringe 
Patterns from Each Side of the 
Conti lever Beam . 
p 
(b) lsopachic Fringe of the Cantilever 
Beam from Holo-Moire 
Interferometry. 
(c) lsopachic Fringe of the Cantilever 
Beam from Transmission 
Holographic Interferometry. 
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Fig. 15 Holographic Interferometric Fringe 
Patterns of the Cantilever Beam 
Obtained from Different Observation 
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Fig. 16 Geometry of the Cylindrical 
Pressure Vessel . 
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Fig. 18 Holographic Interferometric Fringe 
Patterns from Each Side of the 
Cylindrical Pressure Vessel (with 
Intentional Rotation ) . 
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Fig. 19 Moire Fringe Patterns of Fig.18 
(a) Multiplication of Intensities 
(b) Addition of Intensities. 







In the following sections, some essential characteristics and limitations based on 
the investigation will be discussed. 
IV -1. Sensitivity of Holo -Moire 
Unlike the conventional moire technique, sensitivity of "Holo -Moire" does not 
depend on the frequency of the grid (or the "carrier"). Rather it is governed by 
Eq. (36) or Eq. (37), which indicates that this technique has the same sensitivity as 
holographic interferometry. Moire fringe will occur whenever the variation of change 
of thickness is equal to one wavelength of the laser light, when Scheme 1 is used. 
Sensitivity will be reduced by a factor of cos 8 for Scheme 2, where 8 is the angle 
between the object beam and the line normal to the object. 
IV -2. Visibility of Moire Fringe 
Experiments have shown that, the visibility or contrast of the moire fringe 
relies much on the frequency of the "carrier", i.e. the frequency of the fringes of 
the two holographic interferograms which serve as grids. Control of the frequency 
of fringes may be achieved to some extent by slightly rotating the model about an 
axis parallel to the object surface. Of course, rotation is not required if the vari -
ation of the change of thickness is high enough to produce a good moire effect. 
Several different magnitudes of rotation have been used in this investigation. It was 
-5 -5 
found that an angle of rotation between 18xl0 and 28xl0 rad. generally gave a 
satisfactory moire visibility. Better visibility can be achieved with higher frequency 
if it does not go beyond the limit of the resolution ability of the camera or the film 
used to record the fringes. It has been pointed out by Theocaris(lS) that, for 
frequencies under 1000 li~es (which is equivalent to the fringe frequency produced m. 
by rotating the model 25xl0 -3 rad. ), property of moire fringes is mainly formed by 
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amplitude -type gratings under a non-coherent illumination. And satisfactory obs er -
vation of moire fringes without special optical equipment is achievable. Therefore, 
unless the frequency of the carrier is higher than 1000 li~es, which is far beyond 
m. 
the resolution ability of the camera used in this experiment, an optical filter process 
is not required. The contrast of the moire fringes of addition and multiplication of 
intensities were compared in Fig. 20. It seems that the moire fringe visibility under 
conditions of multiplication is better than that of addition at the range of carrier 
frequency used in these experiments. The visibility can be further improved when 
photographic non -linearity is exploited. Post (l 9) has demonstrated that if the widths 
of the opaque and transmittance bands of the moire grid are different, which is usually 
the case in this technique, intensity of the moire -fringe will be drastically diminished. 
Therefore, usually the contrast of "Holo -Moire" fringe is poorer than conventional 
moire. 
IV -3. Fringe Localization 
Holographically generated fringes are, in general, not located on the surface of 
the object<20>. The fringes can easily be observed visually but often, in order to be 
photographed, the hologram must be stopped down to a small aperture due to the large 
disparity between the test surface and the plane of localization. The small aperture 
accounts for the speckle appearance of Fig. 21. This speckle appearance will lead 
to a degradation of moire -fringe visibility, and improvement of the contrast of the 
carrier fringe may be required in order to obtain a better visibility. Fig. 22. shows 
the same carrier fringes as Fig. 21. except the contrast have been improved. 
Fig. 20 
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(a} ( b} 
Comparison of the Visibility of the 
Moire Fringes 
(a) Multiplication of Intensities. 
(b) Addition of Intensities. 
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Fig. 21 Holographic Interferometric Fringes 
with Speckle Appearance . 
Fig. 22 Improved Fringe Contrast of Fig. 21 . 
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IV -4. Sources of Error from Optical Arrangement 
In holographic interferometry, it is often assumed that the dimensions of the test 
A 
model are sufficiently small so that the PO vector can be taken as constant for all 
points on the object. Also, displacement components are assumed to be sufficiently 
small so that Eq. (3) is valid. It is commonly observed in holography that the fringe 
patterns vary if observed from different points on the hologram. This is especially 
true in the present technique when in -plane displacements are the dominating com -
ponents as the case of cantilever beam with end loading. Direction of observation 
becomes very critical in this case, and careful alignment of the optical components 
is very significant. 
There are two main sources of error arising from the misalignment of the 
object beam and observation direction: 
A A /\ A 
(i) Using Fig. 23., if P1 S1 f - P2 s2 and/or P1 o1 f - P2 o2 , Eqs . (4) and 
(5) can not be simplified to Eqs. (8) and (9). Let 
where a, b, and care constants. Then the sum of phase in Eq. (14) became 
. . . . . . . . . . . . . . (39) 
The first term in the bracket is exactly the same as Eq. (14), which reveals iso -
pachics after moire. The second term, which varies from point to point on the 
model surface is the error resulting from misalignment. 
(ii) The second source of error comes from the angles ei and et in Fig. 23. 
Let Z -axis be normal to the object surface. In our previous derivation, we assume 
e. = 
1 








Fig. 23 Geometry for Discussion of Sources 
of Error from the Optical 
Arrangement. 
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and the phase sum and difference in Eqs. (28) and (29) yield 
The error induced now is 2(sin 0 - sin0.) A R . This error may be attributed .to 
t 1 y Z 
two factors, (1) U components of in -plane displacement due to rigid body rotation 
about the Y -axis are in opposite direction on opposite surface, (2) The effect of 
these rotational in -plane displacements are no longer eliminated since 0 'f 0 .. 
t 1 
For model geometries and rigid rotations of the magnitudes described in the report 
it can be shown that the error term given above is essentially constant across the 
model surface. Therefore, the result of the moire fringe pattern will be the same 
exceptashiftofmoire -fringebyaphaseof 2.,.rr [2(sin0 - sin0.)A R] andthe 
/\. t 1 y Z 
(41) 
(42) 
sensitivity will be altered due to the different coefficients 2cos0 and (cos0t + cos 0i) 
preceding 2W d in Eqs. (37) and (41). For the cylindrical pressure vessel, since 
R varies from section to section; an error of the latter type would cause the z 
isopachics to distort rather than simply be shifted in position as illustrated in Fig. 
24. 
Based on the above analysis, certain procedures which tend to reduce the error 
were used in this investigation. The two object beams were carefully aligned first 
to make sure they were colinear and collimated. The object was then placed in the 
collimated light field. A small mirror was placed against the center of the object 
surface to guide the positioning of the hologram so that the condition 0. = 0 would 
1 t 
be satisfied . The hologram was placed at a large enough distance away from the 
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Fig. 24 Distortion of the Moire - Fringe 
of the Cylindrical Pressure Vessel 
Due to Bi =I: 8t . 
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object so that et was approximately constant for all points on the object. The spot 
where the beam reflected from the mirror and hit the hologram was marked and was 
utilized as the photographing position after the double exposure holograms were made. 
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V. EXPERIMENTAL EQUIPMENT 
The two lasers used were Spectra Physics Model 124A and 123 He -Ne continuous 
wave laser operating at 15mw and 7mw respectively. Both Agfa -Gavaert 10E75 and 
Kodak 649F plates were used in making the holograms . The virtual images were 
recorded on Kodak Contrast Process Pan films, which are sensitive to red light. 
The support system and optical elements used were the same as described by Hol -
lowai21). A dial guage indicator sensitive to 0. 0001" was used to control the 
artificial rotation. 
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VI. CONCLUSION AND RECOMMENDATION 
Due to the high sensitivity of holographic interferometry, a prohibiting effect of 
rigid body motion in static holographic interferometry is almost inevitable. Often it 
can exhaust the capability of recording the desired displacement information. This 
rigid body effect can be compensated for by the "Holo -Moire" technique proposed in 
this research. Thus a desired full -field isopachic pattern can be obtained. One 
laser could suffice if the available intensity is high enough to allow formation of 
both holograms. The sensitivity of the "Holo -Moire" interferometry is of the same 
order as holographic interferometry. Visibility of the moire-fringe which is governed 
by the frequency of the "carrier" can be controlled to some extent by rotating the 
object a predetermined amount between exposures. Fringe localization was found to 
be one of the most severe limitations of this technique . Photographing high contrast 
holographic fringes may be quite difficult when fringe localization varies considerably 
over the surface of the model. This problem can be partially overcome by photograph-
ing through a reduced aperture and by photographically improving the contrast of the 
high frequency patterns before obtaining moire fringes . Precisive alignment is also 
essential, otherwise large errors could be introduced. This technique can also be 
used to compensate for the rigid body motion on non -plane objects if the deformation 
of the object and the object itself is symmetrical about some plane (taken as the X -Y 
plane in this report). The moire fringes, of course, depict constant displacements 
normal to this plane. 
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